Introduction {#sec1-1}
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Alopecia areata (AA) is a noncicatricial alopecia affecting any hair-bearing area. AA is considered to be an organ-specific autoimmune disease mediated by T lymphocytes directed to hair follicles. The exact etiology of AA remains unclear although several genetic and environmental factors have been shown to trigger the initiation of the disease.\[[@ref1]\] Some other studies have shown that oxidative stress plays a key role in the etiology of AA, also suggesting that production of reactive oxygen species (ROS) is significantly increased in AA.\[[@ref2][@ref3][@ref4]\] AA accounts for 2%--3% of new outpatient dermatology patients in the UK and the USA and 25% of all patients with alopecia. AA affects both genders equally and is mostly seen at the ages between 30 and 59 years.\[[@ref5][@ref6]\] Most common clinical manifestation of AA includes oval patches of hair loss with characteristic exclamation mark hair and no signs of skin inflammation.\[[@ref7]\] The key histological feature of AA is the "swarm of bees" appearance of the peribulbar lymphocytic infiltrate around the anagen hair.\[[@ref8]\]

Trace elements are highly essential for humans since they form the building blocks of large molecules, function as the cofactors of the enzymes, and have some key biological functions. Zinc (Zn), for instance, is an essential component of more than 300 enzymatic reactions.\[[@ref9]\] AA is currently treated with immunomodulatory drugs and intralesional steroid injections that have a high risk of side effects. Therefore, trace elements could be a promising treatment option for AA since they have a low risk of side effects and are highly practical.\[[@ref10]\]

Heavy metals are elements that have a density approximately five times greater than that of water. Heavy metals are divided into two groups as essential and nonessential. Essential heavy metals have beneficial effects on humans and other living organisms, but they can become toxic when their concentration exceeds the tolerable limit.\[[@ref11]\] Heavy metals can be taken into the body through environmental contamination or via mining, land erosion, industrial wastes, air pollution, and pesticides.\[[@ref11][@ref12]\] Although occupational exposure to heavy metals has been reported in some individuals, diet is the largest source of heavy metals for most individuals.\[[@ref11]\] On the other hand, heavy metals have been shown to affect oxidative stress in numerous studies.\[[@ref13][@ref14][@ref15]\] Moreover, heavy metals such as mercury (Hg), cadmium (Cd), and lead (Pb) have been shown to trigger the induction of autoimmunity and to be associated with autoimmune disorders.\[[@ref16][@ref17][@ref18][@ref19]\]

In this study, we aimed to investigate serum levels of trace elements including iron (Fe), Zn, manganese (Mn), copper (Cu), and magnesium (Mg) and heavy metals including cobalt (Co), Cd, and Pb in patients with AA.

Materials and Methods {#sec1-2}
=====================

The study included a patient group of 30 with AA and a control group of 31 healthy individuals. All the patients underwent clinical and dermatological examinations. Demographic characteristics including age, gender, socioeconomic status, family history, and duration of disease were recorded for each patient. Inclusion criteria for the patient group were typical patches of AA and the presence of exclamation mark hair \[[Figure 1](#F1){ref-type="fig"}\]. Exclusion criteria included systemic diseases (anemia, thalassemia, metabolic diseases, and autoimmune diseases), on prior dietary or drug supplement, and refusal to participate or to sign informed consent. Also, patients who were pregnant, under 18 years of age, with a history of alcohol abuse, on dietary supplements, and oral medications (oral contraceptives, Mg-containing laxatives, and diuretic drugs), and hair disorders, such as telogen effluvium and cicatricial alopecia were also excluded from the study. The control group included individuals who were diagnosed with tinea pedis at the dermatology department and had no other diseases. Clearance from Institutional Ethics Committee was obtained and informed consent form was signed by individual participants before inclusion in the study.
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Blood samples were collected from the antecubital vein using an 18 G needle in each participant. The samples were collected in glass tubes, placed in cold boxes, and then were transferred to the laboratory. Serum was separated after centrifugation of the samples at 2500 rpm at 4°C for 15 min. The samples were stored at −80°C until analysis. Serum levels of Fe, Zn, Cu, Mn, Mg, Co, Cd, and Pb were measured using an atomic absorption spectrophotometer (Unicam 929, Unicam Ltd., Cambridge, UK) at the Division of Biochemistry, Department of Chemistry, Yuzuncu Yil University, Van, Turkey. Atomic absorption spectrophotometry is an optimal technique for the measurement of heavy metal and trace element concentrations due to its high sensitivity and specificity.
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### Statistical analysis {#sec3-1}

Descriptive statistics for the continuous variables were presented as mean, standard deviation, and minimum and maximum values while count and percentages were used for categorical variables. Mann--Whitney U-test was used to compare group means. In addition, Chi-square test was performed to determine the relationship between categorical variables. Statistically significant level was considered as below 5% and SPSS software, version 13.0 (SPSS, Inc., Chicago, IL, USA) statistical program was used for all statistical computations.

Results {#sec1-3}
=======

The 30 patients included 17 (56.7%) men and 13 (43.3%) women with a mean age of 33.8 (range, 19--48) years. The 31 controls included 18 (58.1%) men and 13 (41.9%) women with a mean age of 33.0 (range, 20--54) years. There was no difference between the groups in terms of gender and age (*P*\> 0.05). Family history of AA was present in 6 (20%) patients. A history of smoking was present in 22 (73.3%) patients. Smoking was significantly higher in the patient group than the control group (*P*\<0.05). A solitary alopecic patch was present in 15 (50%) and numerous alopecic patches were found in 15 (50%) patients.

[Table 1](#T1){ref-type="table"} presents the comparison of the mean levels of Cd, Fe, Mg, Mn, Pb, Zn, Co, and Cu between the two groups. As shown in [Table 1](#T1){ref-type="table"}, serum levels of heavy metals were significantly different between the two groups (*P*\<0.05). In addition, while serum levels of Zn and Mn were significantly lower, serum levels of Cd, Fe, Mg, Pb, Co, and Cu were significantly higher in the patient group compared to that of the control group (*P*\<0.05). In particular, the serum levels of Cd, Fe, Mg, Pb, Co, and Cu in the patient group were nearly ten times greater than those in the control group.

###### 
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Discussion {#sec1-4}
==========

The results revealed that all the heavy metals analyzed in this study were associated with AA. The results also suggested that Zn supplementation could be useful in the treatment of AA while Fe supplementation would have no use for the treatment.

Cd does not only inhibit DNA-repair enzymes but also stimulates ROS production in polymorphonuclear neutrophils, thereby inducing inflammatory response. Smoking is a major cause of nonoccupational Cd exposure. Moreover, smokers have significantly higher concentrations of Cd in urine, blood, hair, and tissue compared to nonsmokers.\[[@ref20][@ref21]\] Krocova *et al*. reported that Cd and Pb can cause autoimmune diseases by inducing inflammatory response even at lower concentrations.\[[@ref22]\] Similarly, Shen *et al*. noted that heavy metals can cause autoimmune activity by increasing T-cell proliferation.\[[@ref18]\] In our study, serum Cd level was significantly higher in the patient group compared to that of the control group, which implicated that Cd could be a cause of autoimmunity in AA and there could be a relationship between smoking and AA.

Akar *et al*. suggested that antioxidant enzymes and lipid peroxidation could have a key role in AA and also noted that the increase in antioxidant enzymes could result from oxidative stress.\[[@ref4]\] Similarly, Bakry *et al*. reported that AA impaired the antioxidant system and also increased oxidative stress.\[[@ref23]\] On the other hand, Valko *et al*. suggested that heavy metals including Co, Cd, Hg, and nickel increased ROS production, thereby leading to oxidative stress.\[[@ref14]\] In our patients, Cd concentration was significantly higher in the patient group compared to the control group, implicating that increased Cd concentration might have induced AA in our patients by increasing oxidative stress.

Pb participates in electron transport chain, leading to ROS generation. Although the pathogenesis of Pb toxicity is multifactorial, Pb exerts its effect by promoting ROS formation, interrupting enzyme activation, and inhibiting trace mineral absorption.\[[@ref24][@ref25]\] Chiba *et al*. showed that Pb exposure led to increased oxidative stress.\[[@ref26]\] In our study, serum Pb level was also increased in patients with AA, which suggests that increased Pb concentration might have induced AA in our patients either by increasing ROS production or by triggering autoimmunity similar to Cd.

Co is a key component of the structure of Vitamin B12. Co is also an essential metal in heavy industry. However, exposure to Co has increased recently, particularly with the growing use of mobile phone batteries, plasma screens, and liquid crystal display screens. Moreover, Co is one of the most common causes of occupational contact dermatitis and may have toxic effects on numerous organs and tissues.\[[@ref27]\] In our study, serum Co level was significantly higher in patients with AA, which suggested that increased Co concentration might be a cause of AA. In addition, the increasing exposure to heavy metals as a result of industrialization might be another cause of AA.

Literature reviews indicated that there were a limited number of studies reporting on the relationship between trace elements and AA. Bhat *et al*. evaluated 50 patients with AA and reported that serum Zn level was significantly lower in the patient group compared to the control group while no significant difference was found in serum Cu and Mg levels between the groups. The authors concluded that Zn deficiency might be a cause of AA.\[[@ref28]\] In a similar study, Dastgheib *et al*. evaluated 16 patients with AA and 27 healthy female controls and found no significant difference in the Zn, Fe, and Cu levels in hair and serum between the two groups. The study also noted that the concentrations of the trace elements in hair and serum might not have a direct effect on the onset of AA and thus supplementation of trace elements would have no use for the treatment of AA.\[[@ref29]\] Jin *et al*. conducted a meta-analysis spanning the period between January 1990 and April 2016 and analyzed 10 studies including a total of 435 patients and 329 controls. The study indicated that serum Zn concentration was significantly lower in the patient groups compared to the control groups while serum Cu and Mg levels established no significant difference between the groups. The study concluded that there can be a significant relationship between serum Zn concentration and AA.\[[@ref30]\] In our study, serum Zn level was lower in the patient group compared to the control group, which was similar to all the previous studies except for the study reported by Dastgheib *et al*. However, serum Cu and Mg levels were higher in the patient group compared to that of the control group, suggesting that supplementation of Cu and Mg might have no place in the treatment of AA.

Esfandiarpour *et al*. evaluated 52 patients with AA and noted that serum Fe levels were significantly higher in the patient group compared to that of the control group. However, the study concluded that the effect of Fe deficiency on the development of AA remains controversial.\[[@ref31]\] Similarly, Boffa *et al*. evaluated Fe concentration in 32 patients with AA and found no Fe deficiency in any patient.\[[@ref32]\] In our study, serum Fe levels were higher in the patient group compared to the control group, which was consistent with the literature.

Mn is of particular importance to organisms since it functions as a metal coenzyme. Moreover, Mn also plays a key role in mitochondrial function, fatty acid metabolism, and protein synthesis through its effect on the arginase enzyme and is also responsible for normal thyroid and adrenal gland activity. On the other hand, Mn toxicity is relatively rare and is mostly seen in the workers in steel and iron industries.\[[@ref33][@ref34]\] To our knowledge, there is no study in the literature reporting on the relationship between Mn and AA. In our study, Mn levels were significantly lower in the patient group compared to that of the control group, which implicated that Mn deficiency could be a cause of AA in our patients. Our study had limitation since it was a single-center study and had a relatively low number of patients.

Conclusion {#sec1-5}
==========

In conclusion, the use of heavy metals in human life is increasing on a daily basis. Moreover, the adverse effects of these metals on human health can be seen easier when compared to their beneficial effects. Further multicenter studies with larger patient series are needed to deepen our understanding in the effects of heavy metals and trace elements.
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